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ADVANCED MANUFACTURING HEAT PIPE
SEGMENT WITH INTEGRAL PRINTED
WICK

BACKGROUND

Heat pipes are sealed passive devices that rely on phase
changes of a working fluid to move thermal energy. Gener-
ally, the working fluid cycles between a hot primary section
and a cold secondary section via a wick section spanning a
length of heat pipe contamning relatively small and/or high
surface area tlowpaths. Current reactor designs call for heat
pipes spanning a length of several meters. Conventional
methods for manufacturing long heat pipes for nuclear
reactors mvolve several steps and/or techniques and thus, are
prone to producing small imperfections or defects at por-
tions along the length of the heat pipe. Heat pipe sections
containing any defects are scrapped to avoid failure while 1n
service, despite containing defect-iree sub-length sections.
Therefore, a need exists to develop alternative heat pipe
components and manufacturing methods associated there-
with to optimize the cost and throughput of heat pipe
manufacture, without compromising the reliability and/or
elliciency of heat transfer from a nuclear reactor.

SUMMARY

The following summary 1s provided to facilitate an under-
standing of some of the innovative features unique to the
aspects disclosed herein and 1s not intended to be a full
description. A full appreciation of the various aspects dis-
closed herein can be gained by taking the entire specifica-
tion, claims, and abstract as a whole.

In various aspects, a transition piece for joining heat pipe
segments 1n a joining process 1s disclosed. In some aspects,
the transition piece includes a head section comprising a first
tubular segment, a body section extending from a first end
to a second end, a tail section comprising a second tubular
segment, and alignment tabs configured to facilitate a rota-
tional alignment of an end of the body section and an end of
a heat pipe segment during the joining process. In some
aspects the head section axially extends from a first end of
the transition piece to a first axial position and the first
tubular segment 1s configured to interface with an end
portion of a first heat pipe segment. In some aspects, the
body section includes a wick comprising an outer surface,
wherein the wick defines a cavity therein, and an outer wall
comprising an nner surface enclosing the outer surface of
the wick. In some aspects, the first end of the body 1s
positioned at the first axial position, the second end of the
body 1s positioned at a second axial position, and the inner
surface of the outer wall and the outer surface of the wick are
arranged to form a gap therebetween. In some aspects, the
tail section axially extends from the second end of the body
section to a second end of the transition piece, wherein the
second tubular segment 1s configured to interface with an
end portion of a second heat pipe segment. In some aspects,
cach of the alignment tabs includes an end portion axially
extending away from the body section. In some aspects, the
body section and the alignment tabs are configured as an
integral structure.

In various aspects, a method for producing a transition
piece ol a heat pipe 1n a heat transier system of a nuclear
reactor 1s disclosed. In some aspects, the method includes
producing a first section of the transition piece, forming a
body of the transition piece with a forming process, and
forming a tail section of the transition piece. In some
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aspects, the first section of the transition piece 1s configured
to axially extend from a first end of the transition piece to a

first axial position and an 1mnner portion of the first section 1s
configured to interface with an end portion of a first heat
pipe segment. In some aspects, the body includes a wick
enclosed by an outer wall, wherein an outer surface of the
wick and an inner surface of the outer wall are arranged to
form a gap therebetween. In some aspects, the body includes
forming a first end of the body at the first axial position and
extending the first end of the body to a second axial position.
In some aspects, the forming of the tail section includes
axially extending the tail section away from the second axial
position to a second end of the transition piece. In some
aspects, the tail section 1s configured to interface with an end
portion ol a second heat pipe segment.

In various aspects, a method for joining segments of a
heat pipe 1 a nuclear reactor 1s disclosed. In some aspects,
the method 1ncludes joining a first end portion of a transition
piece with an end portion of a first heat pipe segment and
joining a second end portion of the transition piece with an
end portion of a second heat pipe segment to produce the
heat pipe. In some aspects, each of the transition piece, the
first heat pipe segment and the second heat pipe segment
comprises an internal wick section. In some aspects, each of
the internal wick sections are coupled to form a continuous
wick section of the heat pipe.

These and other objects, features, and characteristics of
the present disclosure, as well as the methods of operation
and functions of the related elements of structure and the
combination of parts and economies of manufacture, will
become more apparent upon consideration of the following
description and the appended claims with reference to the
accompanying drawings, all of which form a part of this
specification, wheremn like reference numerals designate
corresponding parts 1 the various figures. It 1s to be
expressly understood, however, that the drawings are for the
purpose of illustration and description only and are not
intended as a definition of the limits of any of the aspects
disclosed herein.

BRIEF DESCRIPTION OF TH.

L1l

DRAWINGS

The various aspects described herein, together with
objects and advantages thereol, may best be understood by
reference to the following description, taken 1n conjunction
with the accompanying drawings as follows.

FIG. 1 illustrates a cross-sectional schematic view of a
heat pipe, according to at least one non-limiting aspect of the
present disclosure.

FIG. 2 illustrates a perspective view of a transition piece,
according to at least one non-limiting aspect of the present
disclosure.

FIG. 3 illustrates a partial cross-sectional schematic view
of the transition piece of FIG. 2, according to at least one
non-limiting aspect of the present disclosure.

FIG. 4 illustrates a cross-sectional view of a body section
of a transition piece, according to at least one non-limiting
aspect of the present disclosure.

FIG. 5 illustrates a perspective view of a transition piece,
according to at least one non-limiting aspect of the present
disclosure.

FIG. 6 illustrates a partial cross-sectional schematic view
of the transition piece of FIG. S, according to at least one
non-limiting aspect of the present disclosure.

FIG. 7 1llustrates a perspective view of a body section of
a transition piece, according to at least one non-limiting
aspect of the present disclosure.
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FIG. 8 illustrates a perspective view of a transition piece,
according to at least one non-limiting aspect of the present

disclosure.

Corresponding reference characters indicate correspond-
ing parts throughout the several views. The exemplifications
set out herein 1llustrate various aspects of the present dis-
closure, 1n one form, and such exemplifications are not to be
construed as limiting the scope of any of the aspects dis-
closed herein.

DETAILED DESCRIPTION

Certain exemplary aspects of the present disclosure will
now be described to provide an overall understanding of the
principles of the composition, function, manufacture, and
use of the compositions and methods disclosed herein. An
example or examples of these aspects are illustrated 1n the
accompanying drawing. Those of ordinary skill in the art
will understand that the compositions, articles, and methods
specifically described herein and illustrated 1n the accom-
panying drawing are non-limiting exemplary aspects and
that the scope of the various examples of the present
disclosure 1s defined solely by the claims. The features
illustrated or described 1n connection with one exemplary
aspect may be combined with the features of other aspects.
Such modifications and variations are intended to be
included within the scope of the present disclosure.

Reference throughout the specification to *““various
examples,” “some examples,” “one example,” “an
example,” or the like, means that a particular feature,
structure, or characteristic described 1n connection with the
example 1s included 1n an example. Thus, appearances of the

2% Ll A I Y

phrases “in various examples,” “in some examples,” “in one
example,” “in an example,” or the like, 1n places throughout
the specification are not necessarily all referring to the same
example. Furthermore, the particular features, structures, or
characteristics may be combined 1n any suitable manner 1n
an example or examples. Thus, the particular features,
structures, or characteristics 1llustrated or described 1n con-
nection with one example may be combined, 1n whole or 1n
part, with the features, structures, or characteristics of
another example or other examples without limitation. Such
modifications and variations are intended to be included
within the scope of the present examples.

In the following description, like reference characters
designate like or corresponding parts throughout the several
views ol the drawings. Also 1n the following description, 1t
1s to be understood that such terms as “forward,” “rear-
ward,” “left,” “night,” “above,” “below,” “upwardly,”
“downwardly,” and the like are words of convenience and
are not to be construed as limiting terms.

Those of ordinary skill 1n the art will understand that
references to the terms “radial” and “concentric” appearing,
in the Specification and the claims are not necessarily
limited to and/or related to circular cross-sections or any
particular shapes having an arc and may be used with any
shape or geometry having a center of rotation. For example,
a square circumscribed in a circle are concentric and a line
segment extending from the center of a square towards a side
or a corner of the square can be described as a line segment
extending radial outward.

A heat pipe 1s a hermetically sealed, two-phase heat
transier component used to transier heat from a primary side
(evaporator section) to a secondary side (condenser section).
For example, FIG. 1 illustrates a heat pipe 100 comprising
a wick 108, an outer wall 112, an evaporator section 102, an

adiabatic section 104 and a condenser section 106. The wick
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108 defines a cavity 110 therein and includes a porous region
118 comprised of capillaries, grooves, microchannels, and/
or other high-surface area region. The cavity 110 can func-
tion as a central flowpath amenable to vapor flow while the
high surface area of the porous region 118 defines a periph-
cral flowpath amenable to liquid flow driven by capillary
action and/or gravity assist. The heat pipe 100 further
includes a working tluid, such as, for example, water, liquid
potassium, sodium, or alkali metal. In operation, the work-
ing tluid 1s configured to absorb heat 1n the evaporator
section 102 and undergo a phase transition into a saturated
vapor. The saturated vapor flows towards the condenser
section 106 through the adiabatic section 104 via the cavity
110. As the vapor loses its latent heat of vaporization at the
condenser section 106, the resulting condensed phase
returns back to the evaporator section 102 via a peripheral
flow through the wick 108 and the surrounding gap between
the wick 108 and the outer wall 112. The aforementioned
flow path of the working fluid 1s 1llustrated by segmented
arrows 1n FIG. 1. The phase change processes and two-phase
flow circulation continues as long as the temperature gradi-
ent between the evaporator and condenser sections 1s main-
tamned. Due to the very high heat transfer coeflicients for
boiling and condensation, heat pipes are highly effective
thermal conductors.

In nuclear systems, heat pipes are utilized by placing the
evaporator section of the heat pipe within the reactor core
containing nuclear fuel and the condenser section 1s placed
near heat exchangers. The nuclear fuel vaporizes the work-
ing fluid and heat exchangers absorb the latent heat at the
condenser section. Example heat pipes 1n nuclear applica-
tions are described 1n U.S. Pat. Nos. 5,684,848, 6,768,781,
and U.S. Patent Application Publication No. 2016/002°7336,
all of which are incorporated by reference 1n their entirety.

Another example use for heat pipes 1n nuclear systems 1s
with micro-reactors, which are nuclear reactors that generate
less than 10 MWe and are capable of being deployed for
remote applications. These micro-reactors can be packaged
in relatively small containers, operate without active
involvement of personnel, and operate without refueling/
replacement for a longer period than conventional nuclear
power plants. One such micro-reactor 1s the eVinc1 Micro
Reactor system, designed by Westinghouse Electric Com-
pany. The eVinci system 1s a heat pipe cooled reactor power
system that utilizes heat pipes to act as passive heat removal
devices that efliciently move thermal energy out of the
reactor core to heat exchangers.

The heat pipes used 1n the micro-reactors experience
extreme operating temperatures (>850° C.) and requires an
internal wick that 1s made from materials that can withstand
these temperatures and are compatible with the working
fluid. Conventional wicks can be constructed from a wire
mesh that 1s rolled and diffusion bonded together into a
tube-like structure. The wick tube allows for the working
fluid within the heat pipe to pass through 1t radially (such as
alter the latent heat 1s given off and the working fluid 1s
absorbed by the wick) and along its axis or length (trans-
terring the working fluid back toward the evaporator section
with capillary action) while remaining rigid.

Manufacturing a wick for insertion into a heat pipe
requires a highly complex and detailed process. At a very
high level, a wick 1s currently manufactured by rolling a
sheet of woven wick mesh material mto a desired shape,
compressing materials (such as tubing) into the wick to
forcefully deform the wick 1nto the desired shape, diffusion
bonding the mesh together 1n an oven at vacuum levels while
maintaining the wick 1n a compressed state, and then remov-
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ing materials used to hold the wick in the compressed state
during diffusion bonding. An example of this method for
wick forming method are described in U.S. Pat. No. 3,964,
902, titled “METHOD OF FORMING A WICK FOR A
HEAT PIPE”, which is incorporated by reference herein.

As described above, the current method of forming a wick
requires that materials used to hold the wick 1n the com-
pressed state need to be removed after the diflusion bonding,
process. U.S. Pat. No. 3,964,902, as an example, describes
how copper mner and outer mandrels are used to compress
the wick and then, after diflusion bonding, the inner and
outer mandrel need to be chemically removed through a
chemical etching technique. Exposing the wick to this
chemical etching process, however, introduces impurities
into the wick and diminishes the wick’s ability to perform 1ts
intended function. The chemical etching technique also
results 1 an increased time and cost associated with pro-
ducing wicks.

In the context of microreactors, heat pipes must be
manufactured with lengths in excess of 7 meters. Conven-
tional methods for producing the required tubing and wicks
at these lengths with the appropriate materials are costly and
leave minimal room for error. Small imperfections within
the tubing or wick could result 1n premature failure of the
heat pipe 1n service, thereby leading to rejection of these
items prior to any further processing since the feasibility of
repair or rework with currently available methods 1s
unlikely. Cutting ofil sections of the otherwise defect-iree
sub-length segments of heat pipes compromises the hermetic
seal thereby rendering the heat pipe segment unusable. Thus,
the manufacture of heat pipes has a potential for high scrap
rates. Additionally, current methods for manufacturing heat
pipes 1nvolve complex techniques limited to producing
linear sections and which do not allow for any variability 1n
redirection of flow and/or flowpath cross-section geom-
etries. Accordingly, various aspects of the present disclosure
provide various devices and methods for optimizing the
technical and economic aspects of manufacturing heat pipes
including recovery of heat pipe segments. In some 1mple-
mentations, the optimization can reduce the cost of manu-
facturing pipes and/or minimize the amount of waste prod-
ucts therefrom.

As described below 1n greater detail, a transition piece
generally includes a head section, a body section and a tail
section. The head section and the tail section can separately
interface with end portions of separate heat pipe segments
having similar or different cross-sectional geometries and/or
dimensions. The body section includes a wick and an outer
wall to maintain continuity of flowpaths between the jomned
heat pipe segments. Additionally, a transition piece 1s gen-
erally comprised of a single composition, such as, for
example, an alloy of iron, chromium and aluminum (Fe-
CrAl) similar to an existing heat pipe segment or joinable
thereto with a permanent bonding process such as, for
example, welding or brazing.

FIG. 2 provides a perspective view of a transition piece
1000, 1n accordance with at least one non-limiting aspect of
the present disclosure. The transition piece 1000 comprises
a head section 1100 linearly extending from a first end 1001
to a first axial position 1002, a body section 1200 linearly
extending from the first axial position 1002 to a second axial
position 1003, a tail section 1300 linearly extending from the
second axial position 1003 to a second end 1004, and
alignment tabs 1400. As described hereinbelow 1n the pres-
ent disclosure, the alignment tabs 1400 are positioned radi-
ally outward with respect to the head section 1100 and/or the
tail section 1300.
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FIG. 3 provides a partial cross-sectional view of the
transition piece 1000 of FIG. 2, 1n accordance with at least
one non-limiting aspect of the present disclosure. In various
examples, the head section 1100 includes a first tubular
segment 1110 having an mnner surface 1112 and an outer
surface 1114. In some examples, the head section 1100 can
include an outer section 1120 surrounding the first tubular
segment 1110.

The first tubular segment 1110 1s configured to interface
with an end portion of a first heat pipe segment. For
example, the first tubular segment 1110 can be configured as
a cylindrical tube having an axial length corresponding to an
insertion depth thereof ito an end portion of the first heat
pipe segment. In some examples, the first tubular segment
1110 1s configured with an axial length of about 12.5
millimeters. The outer surface 1114 can have a diameter
substantially the same as, or slightly smaller than, an open-
ing of the first heat pipe segment. Additionally the diameter
of the inner surface 1112 can be configured to be slightly
smaller than the mner diameter of the first heat pipe seg-
ment. For example, the mmner surface 1112 can have a
diameter of about 4 millimeters less than, about 3 millime-
ters less than, or about 2 millimeters less than, the diameter
of the outer surface 1114. A first tubular segment 1110
incorporating this configuration can be inserted 1nto an end
portion of the first heat pipe segment in axial alignment
therewith without significantly reducing the original cross-
sectional area available for central fluid flow 1n the first heat
pipe segment. Thus, the first tubular segment 1110 can be
configured to continue a flow path of a heat pipe segment
without compromising the central fluid flow characteristics
thereof.

Now referring to FIGS. 2-3, 1n examples where the head
section 1100 includes an outer section 1120, the outer
section 1120 can be configured as a removable and/or
sacrificial support. For example, the first tubular segment
1110 and the outer section 1120 can be configured as
concentric geometries separated by a gap. The outer section
1120 can provide additional support during a manufacture of
the transition piece 1000. For example, if the transition piece
1000 1s produced with an additive manufacturing process,
such as, for example, powder bed fusion, the outer section
1120 can provide additional support in conjunction with the
first tubular section segment 1110 when the head section
1100 must act as the base for the remaining portions of the
transition piece 1000. Additionally, the outer section 1120
can include an indicator feature 1122 at the first axial
position 1002 such as, for example, an indent, a groove, or
a perforation, to indicate an axial transition from the head
section 1100 to the body section 1200. An outer section 1120
incorporating this configuration can facilitate a complete
removal thereof from the transition piece 1000 without
aflecting the properties and/or geometry of the first tubular
segment 1110 and/or the body section 1200.

Now referring back to FIG. 2, the tail section 1300
comprises a second tubular segment 1310 having an inner
surface 1312 and an outer surface 1314. In various
examples, the second tubular segment 1310 1s configured to
interface with an end portion of a second heat pipe assembly.
For example, the second tubular segment 1310 can be
configured as a cylindrical tube having an axial length
corresponding to an insertion depth thereof into an end
portion of the second heat pipe segment. In some examples,
the second tubular segment 1310 1s configured with an axial
length of about 12.5 millimeters. The outer surface 1314 can
have a diameter substantially the same as, or slightly smaller
than, an opening of the second heat pipe segment. Addition-
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ally the diameter of the inner surface 1312 can be configured
to be shightly smaller than the inner diameter of the second
heat pipe segment. For example, the mner surface 1312 can
have a diameter of about 4 millimeters less than, about 3
millimeters less than, or about 2 millimeters less than the
diameter of the outer surface 1314. A second tubular seg-
ment 1310 incorporating this configuration can be inserted
into an end portion of the second heat pipe segment 1n axial
alignment therewith without significantly reducing the origi-
nal cross-sectional area available for central fluid flow 1n the
second heat pipe segment. Thus, the second tubular segment
1310 can be configured to continue a flow path of a heat pipe
segment without compromising the central fluid flow char-
acteristics thereol.

In some examples, the second tubular segment 1310 can
be configured similarly to the first tubular segment 1110.
Thus, the transition piece 1000 can be configured to inter-
face with end portions of two similarly sized heat pipe
segments. Other configurations of the transition piece 1000
for joining dissimilar heat pipe segments are contemplated
by the present disclosure. For example, 1n some implemen-
tations, the first tubular segment 1110 and the second tubular
segment 1310 are configured with differing dimensions
and/or cross-sectional geometry.

FIG. 4 1s a cross-sectional view of a body section 1200
comprising a wick 1210 and an outer wall 1220, according
to at least one non-limiting aspect of the present disclosure.
The body section 1200 includes a first end 1201 positioned
at the first axial position 1002 and a second end 1202
positioned at the second axial position 1003. The wick 1210
comprises an mner surface 1214 defining a cavity therein,
and an outer surface 1216. The outer wall 1220 comprises an
inner surface 1222 and an outer surface 1224. The inner
surtace 1222 of the outer wall encloses the outer surface
1216 of the wick.

The outer wall 1220 can be configured to mate to an
existing heat pipe segment. For example, the outer wall 1220
can be configured with a cylindrical geometry with an outer
surface 1224 having a diameter substantially the same as, or
slightly greater than, the outer diameter of an end of an
existing heat pipe segment. In some examples, the end
portion of the outer surface 1224 located at the first end 1201
and/or second end 1202 1s configured with an outer diameter
of about 40 millimeters, or about 30 millimeters, or about 25
millimeters, or about 20 millimeters, or about 15 millime-
ters, or about 10 millimeters. In certain examples, the outer
wall 1220 can be configured with a cylindrical geometry
having an outer diameter of about 21 millimeters, or of about
1’7 millimeters. Additionally, the outer wall 1220 can be
configured with a thickness of about 10 millimeters or less,
or about 5 millimeters or less, or about 3 millimeters or less,
or about 2 millimeters. In certain examples, the outer wall
1220 can be configured with an inner diameter greater than
an mner diameter of an outer wall of an existing heat pipe
segment to be joined to the transition piece 1000. An outer
wall 1220 incorporating this configuration can provide a
surface at the first end 1201 and/or the second end 1202
suitable for undergoing a bonding process with an end of a
heat pipe segment in contact therewith and/or a final
machining process while maintaining structural integrity.
Thus, 1n some aspects, a body section 1200 can be config-
ured to be joined with an end portion of a heat pipe segment
while maintaining the original strength and/or footprint of
the heat pipe segment. Other configurations of the outer wall
1220 are contemplated by the present disclosure. For
example, 1n some 1implementations, the outer wall 1220 can
be configured with an ovalized cross-section, a rectangular
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cross-section, a hexagonal cross-section, a conical geometry,
or combinations thereof including continuous and/or step
changes 1n size, thickness and/or geometry along the length
of the body section 1200.

In various examples, the wick 1210 1s configured to
continue one or more tlowpaths of an existing heat pipe
segment. For example, the portion of the wick 1210 located
at the first end 1201 and/or the second end 1202 of the body
section can be configured with a cross-sectional geometry
substantially the same as an end of a wick of heat pipe
segment to be joined thereto. In some examples, the wick
1210 1s configured as a cylindrical tube having a thickness
and outer diameter substantially the same as, respectively,
the thickness and outer diameter of a cylindrical wick of a
heat pipe segment to be jomned with the transition piece
1000. In some aspects, a wick 1210 incorporating this
configuration maintains the characteristics of the saturated
vapor flow from one heat pipe segment to another heat pipe
segment. Other configurations of the wick 1210 are con-
templated by the present disclosure. For example, 1n some
implementations, the wick 1210 can be configured to vary 1n
thickness and/or cross-sectional geometry from the first end
1201 to the second end 1202.

Further to the above, the wick 1210 can be configured to
continue a peripheral flow between heat pipe segments
connected by the transition piece 1000. For example, the
wick 1210 can include a porous region 1213 extending from
the first end 1201 to the second end 1202 of the body section
1200. In various examples, the porous region 1215 1s formed
with a similar morphology to a wick of a heat pipe segment
to be joined to the transition piece 1000. In some examples,
the porous region 1215 can be comprised of a number of
capillary flowpaths. In one example, the porous region 1215
can include an array of channels axially aligned with the
body section 1200 as depicted 1n FIG. 4. Other configura-
tions are contemplated by the present disclosure. For
example, 1n some 1mplementations, the porous region 1215
can be comprised of axial grooves, a granular region having
open porosity, a region of partially sintered particles, an
etched surface, a region having a radial permeability gradi-
ent, a region having a lattice-type structure, or any combi-
nation thereof.

In various examples, the inner surface 1222 of the outer
wall 1s arranged around the outer surface 1216 of the wick
to form a gap 1230 therebetween. In some examples, the
wick 1210 and the outer wall 1220 are arranged 1n a
concentric configuration. In certain examples, the cross-
sectional geometries of the wick 1210 and the outer wall
1220 are similarly shaped nested geometries. Thus, 1n
examples of a body section 1200 where the wick 1210
and/or the outer wall 1220 are configured to vary in cross-
sectional geometry and/or thickness along the length of the
body section 1200, the gap 1230 formed therebetween can
have a variable thickness. In one example, upon a joining of
an existing heat pipe segment and the transition piece 1000,
the gap 1230 can be radially aligned with an inner radial
portion of an outer wall of the existing heat pipe segment
immediately surrounding the wick of the existing heat pipe
segment.

Now referring back to FIGS. 2-3, an end portion 1402 of
cach of the alignment tabs 1400 axially extends in parallel
with the head section 1100 and/or the tail section 1300, 1n a
direction oriented away from the first end 1201 and/or the
second end 1202 of the body section 1200 and in alignment
with the gap 1230. In various examples, a portion of at least
some of the alignment tabs 1400 1s positioned within the gap
1230. In some examples, each of the alignment tabs 1400 1s
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configured as an clongated member spanning the entire
length of the body section 1200, thereby separating the gap
1230 into angular partitions 1232. In the elongated configu-
ration of the alignment tabs 1400, at least one of the
alignment tabs can include a first end portion 1402 extend-
ing away from the first end 1202 and a second end portion
14026 extending away from the second end 1204. In one
example, each of the alignment tabs 1400 1s elongated and
includes a first end portion 1402a and a second end portion
14025.

The alignment tabs 1400 are configured to facilitate a
radial and/or rotational alignment of an end of the body
section 1200 and an end of a heat pipe segment during a
jommng thereol. For example, an end portion 1402 can be
configured to be accepted by a complementary opening
positioned at an end of an 1nner radial portion of an outer
wall of the heat pipe segment. In some examples, an end
portion 1402 can be configured as a parallel key having a
rectangular cross-section geometry sized to fit into an axial
keyway machined into an end of an outer wall of a heat pipe
segment. In certain examples, each of the end portions 1402
can be configured with a width of about 3 millimeters or less,
or about 2 millimeters or less, or about 1 millimeter, and a
length of about 2 millimeters or less, or about 1 millimeter.
Additionally, each of the end portions 1402 can be config-
ured with a thickness of less than about 2 millimeters, or
about 1 millimeter. In one example, each of the alignment
tabs 1400 includes two dissimilarly configured end portions.

Additionally, the number of end portions 1402 can be
configured to optimize an amount of machining required
into a corresponding heat pipe segment. For example, 1n
some 1mplementations, the transition piece 1000 can be
limited to four or less end portions 1402 extending from
cach end of the body section 1200. A transition piece 1000
incorporating this configuration can minimize the number of
alignment tabs 1400 required to facilitate a radial and/or
rotational alignment with an existing heat pipe segment,
thereby minimizing the amount of machining required near
to the outer surface of the wick of the existing heat pipe
segment. Accordingly, 1n some aspects, the transition piece
1000 can be configured to minimize any incidental damage
to a porous region of a wick of the existing heat pipe
segment by minimizing the amount of machining required
thereabouts 1n preparation for a joining process, thereby
maintaining the available flow paths for condensed fluid
from the existing heat pipe segment through the transition
piece 1000.

The alignment tabs 1400 can maintain a positioming of the
wick 1210 and the outer wall 1220. For example, 1n a body
section 1200 where the wick 1210 and/or the outer wall 1220
form a variable thickness gap 1230, each alignment tab 1400
can be independently configured to vary in thickness to
radially bridge the portions of the variable gap 1230 coin-
ciding with a portion of the alignment tab 1400 positioned
in the gap 1230, thereby forming an integral structure. In
examples where the alignment tabs 1400 are elongated, the
thickness of each of the alignment tabs 1400 can be con-
figured to vary along the length of the body section 1200 to
radially bridge the gap 1230 and/or maintain contact
between the wick 1210 and the outer wall 1220 along the
entire length of the body section 1200. In some aspects,
alignment tabs 1400 incorporating this configuration can
support a radial, rotational, and axial alignment between the
wick 1210 and the outer wall 1220. In some examples, the
wick 1210, the outer wall 1220 and the alignment tabs 1240
can be 1ntegrally formed from a common feedstock by a
single forming process such as, for example, an additive
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manufacturing process, thereby forming a monolithic struc-
ture. In one example, the transition piece 1000 1s formed as
a monolithic structure.

Now referring to FIG. 5, a perspective view of a transition
piece 2000 1s provided, 1n accordance with at least one
non-limiting aspect of the present disclosure. The transition
piece 2000 comprises a head section 2100 linearly extending
from a first end 2001 to a first axial position 2002, a body
section 2200 extending from a first end 2201 positioned at
the first axial position 2002 to a second end 2202 positioned
at the second axial position 2003, a tail section 2300 linearly
extending from the second axial position 2003 to a second
end 2004, and three or more alignment tabs 2400.

FIG. 6 1llustrates a partial cross-sectional schematic view
of the transition piece 2000 of FIG. 5, according to at least
one non-limiting aspect of the present disclosure. In various
examples, the head section 2100 includes a first tubular
segment 2110 and an outer section 2120 surrounding the first
tubular segment. The first tubular segment 2110 comprises
an 1nner surface 2112 and an outer surface 2114. The head
section 2100 can be configured similarly to a head section
1100 as described hereinabove. Thus, the first tubular seg-
ment 2110 can be configured to interface with an end portion
of a first heat pipe segment and continue a central tlow path
thereof. Additionally, the outer section 2120 can be config-
ured to facilitate a complete removal thereol from the
transition piece 2000 without afl

ecting the properties and/or
geometry of the first tubular segment 2110 and/or the body
section 2200.

Now referring back to FIG. 5, the tail section 2300
comprises a second tubular segment 2310 having an 1nner
surtace and an outer surface 2314. The tail section 2300 can
be configured similarly to a tail section 2100 as described
hereinabove. Thus, the tail section 2300 can be configured to
interface with an end portion of a second heat pipe segment
and continue a central flow path thereof.

In some examples, the second tubular segment 2310 can
be configured similarly to the first tubular segment 2110.
Thus, the transition piece 2000 can be configured to bridge
two similarly sized heat pipe segments. Alternatively, the
dimensions and/or cross-sectional geometry of a first tubular
segment 2110 and a second tubular segment 2310 can be
independently configured. Thus, in some aspects, a transi-
tion piece 2000 1ncorp0rat1ng this configuration can provide
an interface between heat pipe segments having different
cross-sectional geometries and/or dimensions.

FIG. 7 1llustrates a body section 2200 comprising a wick
2210 and an outer wall 2220, according to at least one
non-limiting aspect of the present disclosure. A first end
2201 of the body section 2200 1s positioned at the first axial
position 2002 and a second end 2202 1s positioned at the
second axial position 2003. In various examples, the wick
2210 comprises an mnner surface 2214 defining a cavity
therein, a porous region 2215, and an outer surface 2216.
The outer wall 2220 comprises an inner surface 2222 and an
outer surface 2224. The inner surface 2222 of the outer wall
1s arranged around the outer surface 2216 of the wick to
form a gap 2230 therebetween. Additionally, each of the
alignment tabs 2400 can be elongated to extend through the
length of the gap 2230 and includes a first and second end
portions 2402.

In some aspects, the wick 2210 and the outer wall 2220
can be configured similarly to, respectively, other wicks and
outer walls described elsewhere 1n the present disclosure.
For example, the cross-section geometry, thickness, and
relative positioning of the wick 2210 and the outer wall 2220
can be configured to mate with an end of the body section
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2200 to an existing heat pipe segment and without compro-
mising the central fluid flow characteristics thereol. The
porous region 22135 of the wick 2210 can be configured to
continue a peripheral flow between multiple wicks con-
nected by the transition piece 2000.

The alignment tabs 2400 can be configured similarly to
other alignment tabs described elsewhere in the present
disclosure. Thus, each of the alignment tabs 2400 can be
configured to maintain a positioning of the wick 2210 and
the outer wall 2220 and each of the first and second end
portions 2402 can be configured to facilitate a rotational
alignment of an end of the body section 2200 and an end of
a heat pipe segment during a joiming thereof.

Additionally, the wick 2210, the outer wall 2220 and the
alignment tabs 2240 are formed as an integral structure by
a single forming process such as, for example, an additive
manufacturing process, thereby forming a monolithic struc-
ture. In one example, the transition piece 2000 1s formed as
a monolithic structure. Other configurations are contem-
plated by the present disclosure. For example, in some
implementations, the cross-section geometry and/or thick-
ness of the wick 2210 and the outer wall 2220 can vary along
the length of the body section 2200 to connect dissimilarly
configured heat pipe segments.

The length of the body section 2200 1s configured with a
directional change. For example, the length of the wick 2210
and the outer wall 2220 can include an angle, a bend, or an
s-bend, or combinations thereof. In various examples, the
body section 2200 includes two 45 degree bend sections
2204 1n a coplanar arrangement. The rotational relationship
between the directional changes can be configured to change
an oflset between the first end 2201 and the second end
2202. For example, as depicted 1n FIG. 7, the bend sections
2204 can be arranged 1 a supplementary configuration
forming a 180 degree angle to laterally misalign the first end
2201 and the second end 2202 but eflectively maintain an
overall direction of the flow therein. Alternatively, a comple-
mentary arrangement between two bend sections 2204
would provide a 90 degree angle therebetween, thereby
introducing an angular misalignment between the ends 2201
and 2202 and changing the direction of flow therein. Since
the first tubular segment 2110 and the second tubular seg-
ment 2310 extending linearly from the ends of the body
section 2200, an oflset between the tubular segments 2110
and 2310 will be dictated by the configuration of the body
section 2200. In some examples, the first tubular segment
2110 and the second tubular segment 2310 are oriented with
an angular oflset, a lateral oflset, or a combination thereof.
Accordingly, a transition piece 2000 can be configured to
reconcile flows between two misaligned heat pipe segments.

Further to the above, the directional changes can be
implemented while maintaining any internal dimensional
and/or cross-sectional geometric features of the body section
2200. Since the wick 2210, the outer wall 2220 and the
alignment tabs 2400 are integrally formed as a monolithic
structure by a single forming process such as additive
manufacturing, for example, implementing a bend 1n the
design thereof does not sufler from dimensional change
issues associated with conventional manufacturing pro-
cesses which must overcome tensile and/or compressive
stresses of a starting material to achieve a final shape and/or
geometry. For example, subjecting a conventionally manu-
factured straight heat pipe section to a bending process can
result 1n significant delamination, section collapse, and/or
fracture within the heat pipe. In examples where the body
section 2200 1s formed with an additive manufacturing
method, the body section 2200 can include a bend having a
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bend radius substantially the same as, or slightly larger than,
the outer diameter of the body section 2200. Accordingly,
the body section 2200 can maintain spemﬁc design features
such as the morphology of porous region 2215 through a
directional change. Other directional change configurations
are contemplated by the present disclosure. For example, 1n
some 1mplementations, a transition piece 3000 can be con-
figured with multiple laterally ofiset tail sections as depicted
in FIG. 8, for example, wherein each of the tail sections
require a dedicated directional change.

A method for producing a transition piece of a heat pipe
in a heat transfer system of a nuclear reactor 1s provided
herein, 1n accordance with at least one non-limiting aspect of
the present disclosure. In various examples, the method
includes producing a first section of the transition piece,
forming a body of the transition piece with a forming
process, and forming a tail section of the transition piece.
The body 1ncludes a wick enclosed by an outer wall, and an
outer surface of the wick and an inner surface of the outer
wall are arranged to form a gap therebetween. In some
examples, the wick and the outer wall are arranged concen-
trically. In certain examples, the first section, the body, and
the tail section are formed from a common feedstock and
with a single forming process.

In various examples, the first section 1s configured to
axially extend from a first end of the transition piece to a first
axial position and an inner portion of the first section 1is
configured to interface with an end portion of a first heat
pipe segment. In some examples, the first section of the
transition piece comprises an outer portion surrounding the
iner portion, and the outer portion 1s a sacrificial portion
configured to be separated from the transition piece at the
first axial position. In certain examples, the method 1includes
a step of removing the sacrificial portion.

In various examples, the forming of the tail section
includes axially extending the tail section away from the
second axial position to a second end of the transition piece.
The tail section 1s configured to interface with an end portion
of a second heat pipe segment.

In various examples, the forming of the body comprises
forming a first end of the body at the first axial position and
extending the first end of the body to a second axial position.
The method can be configured to form the wick and the outer
body simultaneously. For example, the wick and the outer
wall can be formed from a common feedstock and/or with an
additive manufacturing process, such as, for example, pow-
der bed fusion. In some aspects, a method incorporating this
configuration can introduce directional changes between the
first end and the second end of the body while maintaining
a desired cross-section geometry and internal features
therein.

In some examples, the forming of the body includes
forming a porous region of the wick. In certain examples, the
method 1ncludes integrally forming an alignment tab with
the body, wherein a first portion of the alignment tab
maintains an arrangement of the wick and the outer wall. In
one example, the alignment tab includes an end portion
axially extending away from the body past at least one of the
first axial position or the second axial position, or a com-
bination thereof. A method for producing a transition piece
incorporating additive manufacturing can correctly config-
ure a radial and rotational positioning of the end portions of
the alignment tabs to radial and rotationally align the tran-
sition piece with at least one of a first heat pipe segment or
a second heat pipe segment, or a combination thereof.

A transition piece produced by the method for producing
a transition piece described hereinabove can be incorporated
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into a method for producing a heat pipe. For example, as
described herein, a joining method for joining segments of
a heat pipe 1 a nuclear reactor 1s disclosed, 1n accordance
with at least one non-limiting aspect of the present disclo-
sure. In various examples, the joining method can include
joimng a first end portion of a transition piece with an end
portion of a first heat pipe segment and joining a second end
portion of the transition piece with an end portion of a
second heat pipe segment to produce the heat pipe. Each of
the first heat pipe segment and the second heat pipe segment
includes an internal wick section. The joining method 1is
configured to couple each of the internal wick sections to
form a continuous wick section of the heat pipe. For
example, the joining method can include axially mserting an
end portion of the transition piece into an end portion of the
first and/or second heat pipe segments to rotationally align
a wick portion of the transition piece with the internal wick
portion of the first and/or second heat pipe segment. In some
examples, the joining method can include preparing an end
portion of the first and/or second heat pipe segments to
accept an end portion of an alignment tab of the transition
piece, prior to a joining thereof. In certain examples, the
joimng method can mclude bonding, welding, and/or braz-
ing an end portion of the first and/or second heat pipe
segment to the transition piece. A joining method ncorpo-
rating this configuration can properly orient a first and/or
second heat pipe segment 1n alignment with a transition
piece to provide an uninterrupted tlowpath between the first
and second heat pipe segments. Accordingly, the joining
method for joining heat pipe segments can join otherwise
unusable heat pipe segments to lower the scrap rate thereof,
thereby reducing manufacturing costs. Other configurations
of the joining method as described herein are contemplated
by the present disclosure. For example, 1n some implemen-
tations, the joining method for joining heat pipe segments
can include separately joining three or more heat pipe
segments to a transition piece.

Various aspects of the present disclosure include, but are
not limited to, the aspects listed in the following numbered
clauses.

Clause 1—A ftransition piece for joining heat pipe seg-
ments 1n a joining process, the transition piece comprising a
head section comprising a first tubular segment, a body
section extending from a first end to a second end, a tail
section comprising a second tubular segment, and alignment
tabs configured to facilitate a rotational alignment of an end
of the body section and an end of a heat pipe segment during
the joining process. The head section axially extends from a
first end of the transition piece to a first axial position and the
first tubular segment 1s configured to interface with an end
portion of a first heat pipe segment. The body section further
comprises a wick comprising an outer surface, wherein the
wick defines a cavity therein; and an outer wall comprising,
an 1mner surface enclosing the outer surface of the wick. The
first end of the body section 1s positioned at the first axial
position and the second end 1s positioned at a second axial
position, and the inner surface of the outer wall and the outer
surface of the wick are arranged to form a gap therebetween.
The tail section axially extends from the second end of the
body section to a second end of the transition piece, wherein
the second tubular segment 1s configured to interface with an
end portion of a second heat pipe segment. Each of the
alignment tabs comprises an end portion axially extending
away from the body section, and wherein the body section
and the alignment tabs are configured as an integral struc-
ture.
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Clause 2—The transition piece of clause 1, wherein the
first tubular segment and the second tubular segment are
independently configured with cylindrical geometries.

Clause 3—The transition piece of clause 2, wherein the
first tubular segment and the second tubular segment are
configured with different outer diameters.

Clause 4—The transition piece of any of clauses 1-3,
wherein a cross sectional geometry of the wick varies
substantially continuously between the first end of the body
section and the second end of the body section.

Clause 5—The transition piece of any of clauses 1-4,
wherein the first tubular segment and the second tubular

segment are oriented with at least one of an angular oflset or
a lateral offset, or combinations thereof.

Clause 6—The transition piece of any of clauses 1-3,
wherein the body section 1s formed with a directional
change.

Clause 7—The transition piece of any of clauses 1-6,
wherein the wick 1s comprised of a porous region.

Clause 8—The transition piece of any of clauses 1-7,
wherein at least some of the alignment tabs comprises a
portion extending ito the gap formed between the inner
surface of the outer wall and the outer surface of the wick.

Clause 9—The transition piece of clause 8, wherein the
portions of the alignment tabs extending mto the gap are
integrally formed with the wick and the outer wall.

Clause 10—The transition piece of any of clauses 1-9,
wherein the head section comprises a support portion sur-
rounding the first tubular segment, wherein the support
portion axially extends from the first end of the transition
piece to the first axial position, and wherein the support
portion 1s configured to be removed prior to the joimng
Process.

Clause 11—The transition piece of any of clauses 1-10,
wherein the transition piece 1s configured as a monolithic
structure.

Clause 12—A method for producing a transition piece of
a heat pipe 1n a heat transier system of a nuclear reactor, the
method comprising producing a first section of the transition
piece, forming a body of the transition piece with a forming
process, and forming a tail section of the transition piece.
The first section 1s configured to axially extend from a first
end of the transition piece to a first axial position, wherein
an 1ner portion of the first section 1s configured to interface
with an end portion of a first heat pipe segment. The body
comprises a wick enclosed by an outer wall, wherein an
outer surface of the wick and an inner surface of the outer
wall are arranged to form a gap therebetween. The forming
of the body comprises forming a first end of the body at the
first axial position and extending the first end of the body to
a second axial position. The forming of the tail section
comprises axially extending the tail section away from the
second axial position to a second end of the transition piece,
wherein the tail section 1s configured to interface with an end
portion of a second heat pipe segment.

Clause 13—The method of clause 12, wherein the first
section ol the transition piece comprises an outer portion
surrounding the mner portion, and wherein the outer portion
1s a sacrificial portion configured to be separated from the
transition piece at the first axial position.

Clause 14—The method of any of clauses 12-13, wherein
the body of the transition piece 1s formed with an additive
manufacturing process.

Clause 15—The method of any of clauses 12-14, wherein
the wick and the outer wall are formed from a common
feedstock.
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Clause 16—The method of any of clauses 12-15, wherein
the wick and the outer wall are concentrically arranged.

Clause 17—The method of any of clauses 12-16, wherein
the forming process 1s configured to extend the body from
the first axial position to the second axial position with at
least one directional change.

Clause 18—The method of any of clauses 12-177, wherein
the method comprises integrally forming an alignment tab
with the body, wherein a first portion of the alignment tab
maintains an arrangement ol the wick and the outer wall,
wherein the alignment tab axially extends away from the
body past at least one of the first axial position or the second
axial position, or a combination thereof, and wherein the
alignment tab 1s configured to rotationally align the transi-
tion piece with at least one of the first heat pipe segment or
the second heat pipe segment, or a combination thereof.

Clause 19—A method of joining segments of a heat pipe
in a nuclear reactor, the method comprising joining a {first
end portion of a transition piece with an end portion of a first
heat pipe segment and joining a second end portion of the
transition piece with an end portion of a second heat pipe
segment to produce the heat pipe. Each of the transition
piece, the first heat pipe segment and the second heat pipe
segment comprises an internal wick section. Fach of the
internal wick sections are coupled to form a continuous wick
section of the heat pipe.

Clause 20—The method of clause 19, wherein the method
comprises separately joining three or more heat pipe seg-
ments to the transition piece.

Various features and characteristics are described 1n this
specification to provide an understanding of the composi-
tion, structure, production, function, and/or operation of the
disclosure, which includes the disclosed methods and sys-
tems. It 1s understood that the various features and charac-
teristics of the disclosure described in this specification can
be combined in any suitable manner, regardless of whether
such features and characteristics are expressly described 1n
combination 1n this specification. The Inventors and the
Applicant expressly intend such combinations of features
and characteristics to be included within the scope of the
disclosure described in this specification. As such, the claims
can be amended to recite, 1n any combination, any features
and characteristics expressly or inherently described 1n, or
otherwise expressly or mherently supported by, this speci-
fication. Furthermore, the Applicant reserves the right to
amend the claims to aflirmatively disclaim features and
characteristics that may be present in the prior art, even if
those features and characteristics are not expressly described
in this specification. Therefore, any such amendments will
not add new matter to the specification or claims and wall
comply with the written description, sufliciency of descrip-
tion, and added matter requirements.

With respect to the appended claims, those skilled 1n the
art will appreciate that recited operations therein may gen-
crally be performed 1n any order. Also, although various
operational flows are presented 1n a sequence(s), 1t should be
understood that the various operations may be performed in
other orders than those that are illustrated or may be per-
formed concurrently. Examples of such alternate orderings
may 1nclude overlapping, interleaved, interrupted, reor-
dered, incremental, preparatory, supplemental, simultane-
ous, reverse, or other variant orderings, unless context
dictates otherwise. Furthermore, terms like “responsive to,”
“related to,” or other past-tense adjectives are generally not
intended to exclude such variants, unless context dictates
otherwise.
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The mnvention(s) described 1n this specification can com-
prise, consist of, or consist essentially of the various features
and characteristics described 1n this specification. The terms
“comprise” (and any form of comprise, such as “comprises”
and “comprising’), “have” (and any form of have, such as
“has” and “having™), “include” (and any form of include,
such as “includes™ and “including’™), and “contain” (and any
form of contain, such as “contains” and “containing”) are
open-ended linking verbs. Thus, a method or system that

A B Y

“comprises,” “has,” “includes,” or “contains” a feature or
teatures and/or characteristics possesses the feature or those
features and/or characteristics but 1s not limited to possess-
ing only the feature or those features and/or characteristics.
Likewise, an element of a composition, coating, or process

- B Y

that “comprises,” “has,” “includes,” or “contains™ the fea-

ture or features and/or characteristics possesses the feature
or those features and/or characteristics but 1s not limited to
possessing only the feature or those features and/or charac-
teristics and may possess additional features and/or charac-
teristics.

The grammatical articles “a,” “an,” and “‘the,” as used 1n
this specification, including the claims, are intended to
include “at least one” or “one or more” unless otherwise
indicated. Thus, the articles are used in this specification to
refer to one or more than one (i.e., to “at least one”) of the
grammatical objects of the article. By way of example, “a
component” means one or more components and, thus,
possibly more than one component 1s contemplated and can
be employed or used 1n an implementation of the described
compositions, coatings, and processes. Nevertheless, 1t 1s
understood that use of the terms “at least one” or “one or
more” 1n some 1nstances, but not others, will not result 1n
any 1nterpretation where failure to use the terms limits
objects of the grammatical articles “a,” “an,” and “the” to
just one. Further, the use of a singular noun includes the
plural, and the use of a plural noun includes the singular,
unless the context of the usage requires otherwise.

In this specification, unless otherwise indicated, all
numerical parameters are to be understood as being prefaced
and modified i all instances by the term “about,” 1n which
the numerical parameters possess the inherent variability
characteristic of the underlying measurement techniques
used to determine the numerical value of the parameter. At
the very least, and not as an attempt to limit the application
of the doctrine of equivalents to the scope of the claims, each
numerical parameter described herein should at least be
construed in light of the number of reported significant digits
and by applying ordinary rounding techniques.

Any numerical range recited herein includes all sub-
ranges subsumed within the recited range. For example, a
range of “1 to 10” includes all sub-ranges between (and
including) the recited minimum value of 1 and the recited
maximum value of 10, that 1s, having a minimum value
equal to or greater than 1 and a maximum value equal to or
less than 10. Also, all ranges recited herein are inclusive of
the end points of the recited ranges. For example, a range of
“1 to 10” 1includes the end points 1 and 10. Any maximum
numerical limitation recited 1n this specification 1s intended
to include all lower numerical limitations subsumed therein,
and any minimum numerical limitation recited 1n this speci-
fication 1s intended to include all higher numerical limita-
tions subsumed therein. Accordingly, Applicant reserves the
right to amend this specification, including the claims, to
expressly recite any sub-range subsumed within the ranges
expressly recited. All such ranges are inherently described 1n
this specification.

- 1
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As used 1n this specification, particularly in connection
with layers, the terms “on,” “onto,” “over,” and variants
thereol (e.g., “applied over,” “formed over,” “deposited
over,” “provided over,” “located over,” and the like) mean
applied, formed, deposited, provided, or otherwise located
over a surface of a substrate but not necessarily 1n contact
with the surface of the substrate. For example, a layer
“applied over” a substrate does not preclude the presence of
another layer or other layers of the same or diflerent com-
position located between the applied layer and the substrate.
Likewise, a second layer “applied over” a first layer does not
preclude the presence of another layer or other layers of the
same or different composition located between the applied
second layer and the applied first layer.

Whereas particular examples of this disclosure have been
described above for purposes of illustration, 1t will be
evident to those skilled in the art that numerous variations of
the details of the present disclosure may be made without
departing from the disclosure as defined in the appended

claims.

bl 4 4

What 1s claimed 1s:

1. A transition piece for joining heat pipe segments 1n a
joimng process, the transition piece comprising:

a head section comprising a first tubular segment, wherein
the head section axially extends from a first end of the
transition piece to a first axial position, wherein the first
tubular segment 1s configured to intertace with an end
portion of a first heat pipe segment;

a body section extending from a first end to a second end,
the body section comprising:

a wick comprising an outer surface, wherein the wick
defines a cavity therein; and

an outer wall comprising an inner surface enclosing the
outer surface of the wick; and

wherein the first end i1s positioned at the first axial
position and the second end 1s positioned at a second
axial position, and the inner surface of the outer wall
and the outer surface of the wick are arranged to
form a gap therebetween;

a tail section comprising a second tubular segment,
wherein the tail section axially extends from the second
end of the body section to a second end of the transition
piece, wherein the second tubular segment 1s config-
ured to interface with an end portion of a second heat
pipe segment; and

alignment tabs configured to facilitate a rotational align-
ment of an end of the body section and an end of a heat
pipe segment during the joining process, wherein each
of the alignment tabs comprises an end portion axially
extending away from the body section, and wherein the
body section and the alignment tabs are configured as
an integral structure.

2. The transition piece as claimed 1n claim 1, wherein the
first tubular segment and the second tubular segment are
independently configured with cylindrical geometries.

3. The transition piece as claimed 1n claim 2, wherein the
first tubular segment and the second tubular segment are
configured with different outer diameters.

4. The transition piece as claimed 1n claim 1, wherein a
cross sectional geometry of the wick varies substantially
continuously between the first end of the body section and
the second end of the body section.

5. The transition piece as claimed 1n claim 1, wherein the
first tubular segment and the second tubular segment are
oriented with at least one of an angular offset or a lateral
offset, or combinations thereof.
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6. The transition piece as claimed 1n claim 1, wherein the
body section 1s formed with a directional change.

7. The transition piece as claimed 1n claim 1, wherein the
wick 1s comprised of a porous region.

8. The transition piece as claimed 1n claim 1, wherein at
least some of the alignment tabs comprises a portion extend-
ing into the gap formed between the inner surface of the
outer wall and the outer surface of the wick.

9. The transition piece as claimed 1n claim 8, wherein the
portions of the alignment tabs extending into the gap are
integrally formed with the wick and the outer wall.

10. The transition piece as claimed in claim 1, wherein the
head section comprises a support portion surrounding the
first tubular segment, wherein the support portion axially
extends from the first end of the transition piece to the first
axial position, and wherein the support portion 1s configured
to be removed prior to the joining process.

11. The transition piece as claimed 1n claim 1, wherein the
transition piece 1s configured as a monolithic structure.

12. A method for producing a transition piece of a heat
pipe 1 a heat transier system of a nuclear reactor, the
method comprising:

producing a first section of the transition piece, wherein

the first section 1s configured to axially extend from a
first end of the transition piece to a first axial position,
wherein an 1mner portion of the first section 1s config-
ured to interface with an end portion of a first heat pipe
segment;

forming a body of the transition piece with a forming

process, the body comprising a wick enclosed by an

outer wall, wherein an outer surface of the wick and an

iner surface of the outer wall are arranged to form a

gap therebetween, wherein the forming of the body

COMPrises:

forming a first end of the body at the first axial position;
and

extending the first end of the body to a second axial
position; and

forming a tail section of the transition piece, the forming

of the tail section comprising axially extending the tail
section away from the second axial position to a second
end of the transition piece, wherein the tail section 1s
configured to interface with an end portion of a second
heat pipe segment.

13. The method as claimed 1n claim 12, wherein the first
section of the transition piece comprises an outer portion
surrounding the mner portion, and wherein the outer portion
1s a sacrificial portion configured to be separated from the
transition piece at the first axial position.

14. The method as claimed 1n claim 12, wherein the body
of the transition piece 1s formed with an additive manufac-
turing process.

15. The method as claimed in claim 12, wherein the wick
and the outer wall are formed from a common feedstock.

16. The method as claimed 1n claim 12, wherein the wick
and the outer wall are concentrically arranged.

17. The method as claimed in claim 12, wherein the
forming process 1s configured to extend the body from the
first axial position to the second axial position with at least
one directional change.

18. The method as claimed in claim 12, wherein the
method comprises integrally forming an alignment tab with
the body, wherein a first portion of the alignment tab
maintains an arrangement ol the wick and the outer wall,
wherein the alignment tab axially extends away from the
body past at least one of the first axial position or the second
axial position, or a combination thereof, and wherein the
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alignment tab 1s configured to rotationally align the transi-
tion piece with at least one of the first heat pipe segment or
the second heat pipe segment, or a combination thereof.
19. A method for joining segments of a heat pipe 1n a
nuclear reactor, the method comprising:
joining a first end portion of a transition piece with an end
portion of a first heat pipe segment; and
joining a second end portion of the transition piece with
an end portion of a second heat pipe segment to
produce the heat pipe; and
wherein each of the transition piece, the first heat pipe
segment and the second heat pipe segment comprises
an internal wick section, and wherein each of the
internal wick sections are coupled to form a continuous
wick section of the heat pipe.
20. The method as claimed 1n claim 19, wherein the
method comprises separately joining three or more heat pipe
segments to the transition piece.
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